Using all atom molecular dynamics (MD) simulations, we have studied the mechanical properties of ZnS/CdS core/shell nanowires. Our results show that the coating of a few atomic layer CdS shell on the ZnS nanowire leads to a significant change in the stiffness of the core/shell nanowires compared to the stiffness of pure ZnS nanowires. The binding energy between the core and shell region decreases due to the lattice mismatch at the core-shell interface. This reduction in binding energy plays an important role in determining the stiffness of a core/shell nanowire. We have also investigated the effects of the shell on the thermal conductivity and melting behavior of the nanowires.
INTRODUCTION
One dimensional nanowires have attracted considerable amount of research interest because of their potential application in the field of modern nanotechnology. The most important characteristic of these nanostructures is very high surface to volume ratio. As a result, surface effects which are negligible in the bulk material, can lead to a significant changes in the mechanical [1, 2] , thermal [3, 4] , electronic [5] [6] [7] and structural [8] [9] [10] [11] [12] properties of the nanostructures which are very different from their bulk counterparts. The properties of the nanoparticles can be tuned by functionalizing the nanoparticle by other organic/inorganic materials. Core/shell nanowires are one kind of functionalized nanowires where the surface region of a pure nanowire is coated by a thin shell of different materials. In recent years, many experimental investigations have been carried out to synthesize and characterize different kinds of core/shell structures such as ZnO/ZnS [13] , ZnO/CdS, [14] GaN/GaP, ZnO/TiO2 [15, 16] , CdSe/CdS [17, 18] , PbSe/CdSe [19, 20] , ZnS/CdS [21] [22] [23] [24] [25] , CdS/ZnS [21, 26, 27] , Ge/Si [28] . Both the classical molecular dynamics (MD) and density functional theory (DFT) methods have been used extensively to study the electronic [29] [30] [31] [32] [33] [34] [35] , optical [29, 36] and thermal [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] properties of the core/shell nanostructures. In contrast, mechanical properties of the core/shell nanostructures have so far not been investigated in details. Mechanical properties of nanostructures have a strong influence on their electronic [49] [50] [51] and optical [51, 52] properties. Hence, knowledge of the mechanical and thermal properties of the core/shell nanostructures is very important for building efficient nanodevices.
In this paper, we have used fully atomistic classical MD simulations to study the mechanical properties of ZnS/CdS core/shell nanowires. ZnS and CdS nanowires are of particular interest because these wide band gap semiconducting materials are promising candidates for various applications, such as, solar cell [53] [54] [55] , sensors [56, 57] , photodetectors [58] , and electronic devices. We show that the Young's modulus of wurtzite ZnS nanowires can be tuned significantly by introducing a thin layer of CdS shell on the surface of the ZnS nanowire. We have also used first principle DFT method to verify the accuracy of some of the results obtained from the classical MD simulations. To check the influence of this shell on the thermal properties, we have investigated the thermal conductivity and melting behavior of these core/shell nanowires. We find that both the thermal conductivity and melting temperature of the ZnS/CdS core/shell nanowires are significantly lower than those of the pure ZnS nanowires.
METHODOLOGY
All nanowires used in this study are grown along the [0001] direction. Initial configurations of the nanowires are generated using Cerius2 [59] . The core regions of the core/shell nanowires are cut from a super cell of the wurtzite ZnS crystal. After constructing the core region, the CdS shell of desired width was built on top of the core region. We denote the core/shell nanowire as shell1, shell2, shell3, shell4 and shell5 depending on the number of CdS layer on top of the ZnS core. For example, shell1 nanowire has one CdS layer on top of the ZnS core and shell2 has two layers of CdS on top of ZnS core and so on. The total number of layers is kept fixed for each nanowire. The equilibrated structure of a core/shell nanowire is shown in figure 1. Interatomic interactions between Zn-Zn, Zn-S, Zn-Cd, Cd-S, Cd-Cd and S-S are described by Lennard Jones (LJ) and Coulomb potential. Zn, S and Cd atoms have charges of +1.18e, -1.18e and +1.18e, respectively. The potential parameters for ZnS and CdS and the partial charges of the atoms are taken from the reference [60] . These potential parameters were shown to describe the lattice and elastic constants and phonon dispersion of ZnS and CdS accurately. Buckingham potential [61] also has been used in some of the studies to describe the short range van der Waals interactions of the ZnS and CdS systems. However, this potential has not been used so far to study multi-component systems (hetero-structures). We have used this particular LJ potential since these ZnS and CdS parameters are specifically designed to be compatible with each other so that they are able to simulate mixture of ZnS and CdS [60] . These parameters are also used to study different properties of CdSe/ZnS, CdSe/CdS hetero-structures [62, 63] . Periodic boundary condition is enforced along all three directions during the simulation. The lengths of the simulation box along the growth direction (Z direction) of the nanowire is the same as that of the nanowire (∼ 12.3nm) but lengths along the other two directions (X and Y directions) are 15 nm, considerably larger than the diameters of the nanowires so that the interactions between the nanowire and its periodic images are negligible. A similar protocol was used in our previous [12, 64] studies where we have investigated the mechanical properties of one dimensional structures. Particle-Particle-Mesh-Ewald method [65] is used to compute the long range electrostatic interactions. The initially built structures were first equilibrated at constant pressure for 500 ps and then at constant volume for another 500 ps at 300 K temperature before subjecting them to tensile load. The Debye temperature of the ZnS and CdS are 277 ± 7 K [66] and 210 ± 20 K [67] , respectively. So we expect all the vibrational modes to be excited while doing MD simulation at 300 K. The tensile process was carried out by separating a few of the top and bottom layers of atoms, considering them to be two rigid blocks, in a stepwise manner. For each step, the nanowires were stretched by 0.3Å and equilibrated for 100 ps.
To test the applicability of the ZnS and CdS potential parameters in the core/shell nanowire, we have also performed the DFT optimization of a 1.15 nm core/shell nanowire (figure 2). The DFT calculation is done within the Perdew-Burke-Ernzerhof (PBE) cor- rected generalized-gradient approximation (GGA) [68] as implemented in the Quantum Espresso package [69] . The relaxation of the structure is done keeping the nanowire at the middle of a super cell. The dimensions of a and b of the super cell are kept such that the distances between the nanowire and its periodic images are ap- proximately 10Å. The dimension of the super cell along the c axis is the same as that of the nanowire. We have optimized the dimension of c. The electron wave functions are expanded in the plane wave basis set with a cut-off energy of 30 Ry and plane waves with kinetic energy of up to 300 Ry are used for the charge density. DFT optimized structures are shown in figure 2 . We have compared the bond length and angle distribution obtained from MD and DFT calculation in figure 3 . We observe that the distributions are very similar in these two methods. This validates the accuracy of the classical MD potential. There is a slight deviation which may arise due to very small size of the nanowire considered in the DFT calculation.
RESULTS AND DISCUSSIONS
In figure 1 , we present the equilibrated structures of a pure ZnS and ZnS/CdS core/shell nanowire. To scrutinize the internal structure, we have calculated the radial distribution function (RDF) of the core/shell nanowire (figure 4). We observe that the structure remains well crystalline at room temperature. However, the peak positions of the core/shell structures shift slightly towards the right compared with those of the pure ZnS structures due to larger lattice constants of CdS. Figure 5 shows the stress-strain relationship of the core/shell nanowires under uniaxial strain along the [0001] direction. To compute the uncertainty in the stress measurement, we divide the stress trajectory into five sub-trajectories. Errors are calculated from the standard deviations of the stress values of these five sub-trajectories. Since the errors are very small, the size of the error bars are very similar to the symbol size. So the error bars are not shown in the figure as they are not clearly visible. The nanowires can be deformed elastically up to a high strain of ∼ 5 − 6%. From the linear region of the stress-strain curves, we have calculated the Young's moduli of the core/shell nanowires and the values are given in Table  1 . We find that the Young's moduli of the core/shell nanowires are significantly lower than that of the pure ZnS nanowire. More specifically, the Young's moduli of shell1, shell2 and shell3 nanowires are 30%, 53% and 62% lower than that of the pure ZnS nanowire. We find that the stress-strain response of the shell3 nanowire is low compared to that of the others at high strain. We repeated the simulation with a different initial configuration and found a similar response. To understand this low response of the shell3 nanowire, we have calculated the interfacial energy of the core/shell nanowires. The interfacial energy is calculated using following equation:
where E ZnS/CdS core/shell is the energy of the core/shell nanowire. E ZnS core is the energy of core region (equivalent to the core of the ZnS/CdS core/shell nanowire) taken from pure ZnS nanowire. Similarly, E CdS shell is the energy of the shell region (equivalent to the shell of the ZnS/CdS core/shell nanowire) taken from pure CdS nanowire. Schematic diagram of the right hand side of equation 1 is shown in figure 6 . So for a shell3 nanowire (total six layers): second term of equation 1 is the energy of the shell3 nanowire, third term is the energy of three inner most layers of the pure ZnS nanowire and fourth term is the energy of the three outer most layers of the pure CdS nanowire. The interfacial energies of the core/shell nanowires are 1102, 2631, 2724, 1873 and 1153 kcal/mol for shell1, shell2, shell3, shell4 and shell5 nanowire, respectively. Positive value of the interfacial energy indicates that the pure nanowires are energetically more favorable compared to the core/shell nanowires. We find that interfacial energy of the core/shell nanowires is not monotonic. Initially it increases with increasing shell material, reaches to a maxima and then finally decreases with shell material. To confirm this non-monotonic trend of the interfacial energy, we have calculated the interfacial energies of bigger core/shell nanowires (containing total number of seven atomic layers.) The interfacial energies are 1686, 3086, 2922, 3130, 1944 and 1388 kcal/mol for shell1, shell2, shell3, shell4, shell5 and shell6 nanowire, respectively. Thus, the core/shell nanowires having very small or very large shell region are energetically more favorable than the nanowires having core and shell region comparable in size. The core/shell nanowires of the last category are energetically less favorable because of their larger effective defect regions which can be understood from the figure 7. Higher interfacial energies of these core/shell nanowires easily create defects at high strain. Thus, we observe lower stress-strain response in the shell3 nanowire at high strain (figure 5). To confirm the effect of this high interfacial energy at high strain, we have calculated the stress-strain responses of bigger ZnS/CdS core/shell nanowires (containing total number of seven atomic layers). The results are shown in figure  8 . Note that shell2, shell3 and shell4 nanowires show relatively low stress-strain responses at higher strain since these nanowires have higher interfacial energies as we discussed earlier. However, these nanowires are stable at low strain and show a linear stress-strain response. Note that the Young's modulus value monotonically decreases with increasing shell material and gradually converges to the Young's modulus value of the pure CdS nanowire since ZnS is much stiffer than the CdS. We conjecture that Young's modulus value also may show a similar nonmonotonic behavior in a core/shell nanowire having core and shell material of same Young's modulus value.
To confirm the reduction of the Young's modulus in the core/shell nanowires, we have also calculated the Young's modulus of a 1.15 nm pure ZnS and ZnS/CdS core/shell nanowire (figure 2) using first principle DFT method. The nanowires are deformed along the [0001] directions. The strain energies as a function of strain for a pure and a core/shell nanowires are shown in figure 9 . The Young's modulus (Y )is calculated by using the formula
where V 0 , E and ǫ are the initial volume, strain energy and strain, respectively. The Young's modulus value of the pure ZnS nanowire is 168 GPa which is in good agreement with the previously reported value of 175 GPa [70] for the pristine ZnS nanowire of same size. The Young's modulus value of the ZnS/CdS core/shell nanowire (107 GPa) is much smaller than that of the pure ZnS nanowire (168 GPa). This observation validates the results obtained from the classical MD simulations. To understand the microscopic origin behind the significant reduction in the Young's modulus value of the core/shell nanowire, we have calculated the Young's mod- uli values of the core and shell separately using classical MD simulation. To define a core and shell region in a pure ZnS nanowire, we decomposed the nanowire into two parts as shown in figure 10 . The surface atoms have usually larger energy compared to the energy of the core atoms due to the relatively lower coordination number of the surface atoms. Thus, the surface atoms move their position to minimize the energy which is called surface relaxation. Because of the rearrangements of the surface atoms, average bond length at the surface region and hence the average bond energy of the surface atoms may increase or decrease. Thus, the Young's modulus value of the shell region is different from that of the core region of the nanowire. We measure the average bond lengths to be 2.35 ± 0.04Å and 2.38 ± 0.003Å for the surface and core regions, respectively. Note that the fluctuations in the bond length of the core region is much lower than those of the surface region which suggests that the core region remain almost unchanged. A similar kind of bond length decrease for surface atoms in ZnO nanowires was reported by Espinosa et al.
[1]. This decrease in the average bond length at the surface region increases the average bond energy of the surface atoms and hence the Young's modulus value of the surface region is also larger than that of the core region as can be seen from the stress-strain responses in figure 11 . A core/shell nanowire is different from the pure nanowire due to the fact that its shell region is composed of different kinds of atoms and hence the Young's modulus value of the shell region is expected to be different from the core region. From figure 11 , we observe that the slope of the stress-strain curve (Young's modulus value) of the shell region is much smaller than that of the core region of a shell2 nanowire. As a result, Young's modulus value of the entire nanowire is also smaller than that of the pure nanowire. Thus, the presence of a relatively less stiff shell at the surface region can reduce the Young's modulus value of the nanowire significantly. A shell1 nanowire consists of 71% ZnS and 29% CdS atoms. Thus, if 71% and 29% contribution comes from ZnS and CdS atoms, respectively, the Young's modulus of the nanowire would be 89.6 GPa. But we observe that the Young's modulus of the nanowire has decreased further. The difference between the expected and observed Young's moduli values of various nanowires are given in Table 1 . This extra reduction of the Young's modulus value suggests that the core-shell interface must be playing an important role in determining the stiffness of the nanowires. To understand the origin of this enhanced reduction of the Young's modulus, we have calculated the binding energy between the core and shell region. The binding energy is defined as
The binding energies between the core and shell region are -16112 kcal/mol and -9578 kcal/mol for pure ZnS and shell2 core/shell nanowire, respectively. Because of this lower binding energy, relatively less force is required to stretch the core/shell nanowire compared to the force required for the pure nanowire. As a result, the Young's modulus value of the core/shell nanowire decreases. Note that the stiffness (slope of the stress-strain response in figure 11 ) of the ZnS core of the ZnS/CdS core/shell nanowire has decreased further compared to that of the same ZnS core of the pure ZnS nanowire. This is because the ZnS core of a ZnS/CdS core/shell nanowire is weakly bound to the shell region but the core region of a pure ZnS nanowire is more strongly bound to the shell region.
To verify the effect of a stiffer shell at the surface region of a nanowire, we have also calculated the Young's modulus value of a CdS/ZnS core/shell nanowire. From figure 12 , we observe that the Young's modulus value of the CdS/ZnS core/shell nanowire has increased significantly from that of the pure CdS nanowire. In this CdS/ZnS nanowire, the observed Young's modulus value (77.1 GPa) is 15% lower than the expected value (91.1 GPa) because of the lattice mismatch at the interface of core and shell region. This observation allows us to conclude that the stiffness of a nanowire can be tuned in a wide range by depositing a suitable shell at the nanowire surface. Thermal conductivity is an important parameter in designing efficient nanodevices. To investigate the influence of a thin shell on the thermal conduction of nanowires, we have calculated the thermal conductivities of the pure ZnS and ZnS/CdS core/shell nanowires. The thermal conductivity of the nanowire is calculated by an approach originally developed by Muller-Plathe [71] which is based on the reverse non-equilibrium molecular dynamics (RNEMD) method. The nanowire is divided into few slabs along the growth direction (Z direction). One slab at the middle part of the nanowire is considered to be the heat source and two slabs, one at each end are the sink regions. The energy is transferred from the cold region to the hot region by exchanging the velocities between the hottest atom of the cold region and the coldest atom of the hot region at certain intervals. At steady state, the average energy flux is evaluated as
Where A, t and transf ers are the area of the nanowire, duration of the simulation and number of transfers during the simulation time, respectively. v hot and v cold are the velocities of the hottest and coldest atom of equal mass m. This constant heat flux creates a temperature gradient in the nanowire. Thermal conductivity is measured by taking the ratio of imposed thermal flux and the temperature gradient at the steady state.
This method has been used extensively to compute the thermal conductivity of different systems [72] [73] [74] In figure 13 , we have shown the thermal conductivities of pure ZnS and ZnS/CdS core/shell nanowires as a function of temperature. To compute the uncertainty in the thermal conductivity measurement, the temperature gradient trajectory is divided into five sub-trajectories. We get thermal conductivity for each sub-trajectory by calculating temperature gradient and thermal flux for each sub-trajectory. Then, we compute standard deviations of these thermal conductivities to get the error bars. Note that the thermal conductivities shown in figure 13 are the thermal conductivities of the core/shell nanowires with particular lengths we have used. Since the lengths of the nanowires are much smaller than the phonon mean free path, finite size effects would be there even though we have used periodic boundary condition. Muller-Plathe et al. [72] observed a strong length dependence of the thermal conductivities in carbon nanotubes even while using periodic boundary condition. Thus, thermal conductivity values reported here are smaller than the thermal conductivities of very long core/shell nanowires. As expected, the thermal conductivity decreases with temperature because of lower phonon mean free path at higher temperature. Note that the thermal conductivity of the ZnS/CdS core/shell nanowire is significantly lower than that of the pure ZnS nanowire at each temperature. More precisely, the thermal conductivities of the shell1 nanowire is 22% lower than that of the pure ZnS nanowire at 300 K. For further microscopic insight, we have computed the thermal conductivities of the core regions of pure ZnS and shell2 nanowires (inset of figure  13 ). Note that the thermal conductivity of the core region of the pure ZnS nanowire is larger than that of the entire nanowire. This is because of no surface scattering in the core region since thermal conductivity has been measured in the presence of the shell region. Interestingly, thermal conductivity of the same ZnS core region is decreased significantly when the ZnS shell is replaced by CdS shell (in a shell2 nanowire). This happens due to the lattice mismatch at the ZnS-CdS interface region. Thus, lattice mismatch at the core-shell interface plays an important role in determining the thermal conductivity of the core/shell nanowires. The effect of the interface region is clearly observed in a shell3 nanowire where the thermal conductivity of the nanowire is lower than the thermal conductivity of each of its constituent materials.
To understand this significant reduction in the thermal conductivities of the core/shell nanowires, we have calculated the participation ratio of the phonon modes of the nanowires. Participation ratio P λ of an eigen-mode λ is defined as where ǫ iα,λ is the eigen vector of the λ th mode. i sums over the number of atoms, N. α sums over x, y, and z. The value of the participation ratio equals to 1 and 1/N for completely delocalized mode and completely localized mode, respectively. The participation ratio of the pure ZnS, CdS and shell2 ZnS/CdS nanowire are shown in figure 14 . We chose a small segment of the nanowire for phonon frequency calculations. The segment contains six layers of atoms (total 1296 atoms) along the longitudinal direction and the cross-sectional area is same as that of the original nanowire. Vibrational mode analysis is done using the fix-phonon [75] code implemented in LAMMPS [76] . From figure 14, we observe that the participation ratio of the shell2 phonon modes are significantly lower than that of the pure ZnS and CdS phonon modes, in particular at the low frequency (below 2 THz) range. Thus, the low frequency phonon modes in the core/shell nanowires are more localized. Localized phonon modes are less efficient in thermal energy conduction compared to the delocalized phonon modes [77, 78] . But the low frequency phonon modes mainly contribute to the heat conduction in semiconductors. Thus, the localization of the low frequency phonon modes causes significant reduction in the thermal conductivities of the ZnS/CdS core/shell nanowires.
Lower thermal conductivities of the ZnS/CdS core/shell nanowires suggest that they could be better candidates for thermoelectric applications. The figure of merit (Z) of a thermoelectric material can be improved by increasing electrical conductivity and decreasing thermal conductivity of the material. But the electronic contribution to the thermal conductivity increases with the electrical conductivity of the material. So the electrical and thermal conductivity compete with each other in determining the figure of merit (Z) of a thermoelectric material. Phonons have more contribu- tion than the electrons in the thermal conductivities of semiconductors. Thus, one way to optimize the thermoelectric efficiency of a semiconducting material is to minimize the lattice thermal conductivity and increase the electrical conductivity. We have already observed that the lattice thermal conductivity is reduced in the ZnS/CdS core/shell nanowires due to the localization of long-wavelength phonon modes. To investigate the electrical conductivity of the ZnS/CdS core/shell nanowires, we have calculated the electronic densities of states of the nanowires (figure 15) corresponding to the structures shown in figure 2 . We find the band gap to be 2.93 eV and 2.15 eV for pure ZnS and ZnS/CdS core/shell nanowire, respectively. This calculated band gap of the pure ZnS is in good agreement with the previously reported values of 2.9 eV [79] , 2.8 eV [80] for pristine ZnS nanowire of same size. Note that the calculated band gap of the pure ZnS nanowire is lower than the experimental band gap (3.77 eV [81] ) of bulk wurtzite ZnS. However, the band gap of bulk wurtzite ZnS predicted by DFT method is 2.13 eV [79] , 2.14 eV [80] , 1.93 eV [82] which are much lower than the experimental value. The underestimation of the band gap value is because of the well known limitation of the DFT method [83] . So our calculated band gap value of ZnS nanowire is larger than the bulk ZnS band gap predicted by the DFT method. This is consistent with the quantum confinement effect. We find that the band gap of ZnS/CdS core/shell nanowire decreases by 0.78 eV compared to the band gap of the pure ZnS nanowire which increases the electrical conductivity of the ZnS/CdS core/shell nanowires. Note that the calculated band gap reduction may not be very accurate due to the limitation of DFT calculation. A more accurate method such as GW approximation is required for predicting the band gap reduction correctly [84] . Thus, lower lattice thermal conductivity and higher electrical conductivity make the ZnS/CdS core/shell nanowires better suited for thermoelectric application compared to the pure ZnS nanowires. Lower value of thermal conductivity makes the core/shell nanowire more efficient for building devices where large heat loss is not desired. However, coating of a shell on top of the nanowire may affect the melting temperature of the core/shell nanowire, another important parameter which needs attention. Recently Sun et al. investigated the melting behavior of metallic core/shell and alloyed nanoparticles extensively [41, [43] [44] [45] [46] . They found that the melting behavior of core/shell nanoparticles significantly differs from that of its constituent materials. Thus, to investigate the effect of shell region on the melting behavior of core/shell nanowires, we gradually heat up the nanowires from 300 K to 2200 K with a temperature increment of 50 K. At each temperature, the system is equilibrated for 500 ps. Snapshots of a shell3 ZnS/CdS core/shell nanowire at different temperatures are presented in figure 16 . We find that the melting initiates at the surface of the core/shell nanowire. The shell region starts to melt at a lower temperature (1150 K), at which the core region remains perfectly crystalline as can be seen in figure 16 . The structure becomes completely disordered at 1300 K. However, a pure ZnS nanowire with the same diameter remains perfectly crystalline at 1300 K (snapshots not shown) which suggests that the melting temperature of a ZnS/CdS core/shell nanowire is lower than that of the pure ZnS nanowire. This can be understood from the following fact: The shell region begins to melt first because CdS has lower melting temperature compared to the melting temperature of ZnS. Once the shell is melted, the crystalline ZnS core also starts to melt at a temperature which is lower than the melting temperature of a pure ZnS nanowire since the size of the core region is smaller than that of a pure ZnS nanowire. Thus, coating of a nanostructure by a material of relatively lower melting temperature leads to a reduction in the melting temperature of the core/shell nanostructure. Here we should mention that an accurate estimation of the melting temperature of a nanostructure is difficult in the MD approach because of the following reason: To calculate the melting temperature correctly, one should separately calculate the Gibb's free energy for solid and liquid phases as a function of temperature. The intersection of the plots of the two free energies would give the melting temperature. But this method can not be applied to nanoscale systems due to the difficulty in defining the liquid phase of a nanoscale system. However, our results suggest that the melting temperature of a ZnS/CdS core/shell nanowire should be lower than that of a pure ZnS nanowire with the same diameter. We have also investigated the melting behavior of CdS/ZnS core/shell nanowires, where the shell material has higher melting temperature than the core material. We find that melting of CdS/ZnS nanowire initiates at the core-shell interface region (figure 17) unlike the ZnS/CdS nanowires where melting initiates at the surface region. This is so because ZnS has much higher melting temperature than CdS. Note that the CdS core preserves its crystalline structure at 1400 K (figure 17) where a pure CdS nanowire melts (snapshots not shown) suggesting that the nanostructures can be protected at a temperature higher than its melting temperature by appropriate coating. Thus, our results suggest that along with the stiffness and thermal conductivity, melting temperature of nanostructure also can be tuned by appropriate choice of the coating material.
CONCLUSIONS
In summary, we have employed fully atomistic MD simulation to investigate the mechanical and thermal properties of ZnS/CdS core/shell nanowires. We observe that coating of a few atomic layers of CdS on top of the ZnS nanowires leads to a significant reduction in the Young's moduli of the nanowires. We attribute this strong decrease in Young's modulus of nanowires to the lattice mismatch at core-shell interface. We have calculated the interfacial energies of the core/shell nanowires. Non-monotonic behavior of the interfacial energy suggests that core/shell nanowires with very small or very high shell region are energetically more favorable. The interfacial energy determines the stability of the core/shell nanowires at high strain. We have also shown that the Young's modulus of a nanowire can be increased by depositing a relatively stiffer shell on the nanowire surface. Thermal conductivity of ZnS/CdS core/shell nanowires is also lower than that of the pure ZnS nanowires as the low frequency phonon modes are more localised in the core/shell nanowires. We find that the band gap of the ZnS/CdS core/shell nanowire decreases significantly from that of the pure ZnS nanowire. Thus, lower thermal conductivity and higher electrical conductivity make the ZnS/CdS nanowires better suited for thermoelectric devices compared to the pure ZnS nanowires. We have also shown that the melting temperature of the core/shell nanowires can be tuned in a wide range by an appropriate choice of the coating material. Knowledge of the mechanical and thermal behavior of the core/shell nanostructures will help in designing efficient nanodevices. This study will motivate the experimentalists to carry out further investigations on mechanical and thermal properties of semiconducting core/shell nanostructures.
